The high-temperature modification of LuAgSn was obtained by arc-melting an equiatomic mixture of the elements followed by quenching the melt on a water-cooled copper crucible. HT-LuAgSn crystallizes with the NdPtSb-type structure, space group P6 3 mc: a = 463. 
Introduction
Depending on the size and valence of the rare earth (RE) metal, the stannides REAgSn crystallize with five different structure types. With the large trivalent RE metals La-Nd, Sm, and Gd-Er they crystallize with the hexagonal NdPtSb-type, while TmAgSn and LuAgSn adopt the ZrNiAl structure. With the smallest rare earth metal scandium the TiFeSi-type occurs, a superstructure of ZrNiAl. In the europium and ytterbium compounds the RE elements are divalent. EuAgSn and YbAgSn crystallize with the KHg 2 -and YbAgPb-type structures. A literature overview on the crystal chemistry and physical properties of these stannides is given in [1 -3] .
Dimorphism has been observed for ErAgSn and TmAgSn [3] . ErAgSn transforms to a ZrNiAl-type modification under high-pressure (11.5 GPa) hightemperature (1420 K) conditions, and TmAgSn adopts 0932-0776 / 08 / 0200-0193 $ 06.00 © 2008 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com a NdPtSb-type high-temperature modification upon quenching of a sample directly from the melt. We have now extended the high-pressure (HP) high-temperature (HT) experiments to include RE = Dy, Ho, and Yb. Herein we report on a new high-temperature modification of LuAgSn, the structure refinements of DyAgSn and HoAgSn, and the magnetic and 119 Sn Möss-bauer spectroscopic behavior of HT-TmAgSn and HT-LuAgSn.
Experimental Section

Synthesis
Starting materials for the synthesis of the REAgSn samples were rare earth metal ingots (Johnson Matthey), silver wire (Degussa-Hüls, ∅ 1 mm), and tin granules (Merck), all with stated purities better than 99.9 %. For the preparation of HT-LuAgSn, pieces of the lutetium ingot were first arcmelted [4] under argon to a small button (ca. 300 mg). The Table 1 . Crystal data and structure refinements for HoAgSn, DyAgSn, and HT-LuAgSn. argon was purified with molecular sieves, silica gel, and titanium sponge (900 K). The lutetium button, pieces of the silver wire, and the tin granules were then weighed in the ideal 1 : 1 : 1 atomic ratio and arc-melted under an argon pressure of ca. 800 mbar. The button was remelted three times to ensure homogeneity. After the last melting step, the arc was abruptly switched off and the sample was quenched on the water-cooled copper crucible of the arc-melting device. For the transformation to the low-temperature phase, pieces of HT-LuAgSn were sealed in an evacuated silica ampoule and annealed at 970 K for one day. A fresh HT-TmAgSn sample was prepared via the same route, and polycrystalline samples of DyAgSn and HoAgSn were obtained directly by arcmelting without further annealing. Due to the high vapour pressure, YbAgSn was prepared in a sealed tantalum tube as described previously [5] . The five REAgSn stannides are stable in air for months. For the high-pressure high-temperature treatment a multianvil assembly was used. For technical details see [6] . Boron nitride crucibles of 14/8-assemblies were loaded with carefully milled DyAgSn, HoAgSn, and YbAgSn, respectively. The assemblies were compressed to 10.5 GPa (12.2 GPa for DyAgSn) and heated to 1470 K (DyAgSn), 1420 K (HoAgSn), and 1370 K (YbAgSn) for 15 min. After holding this temperature for 10 min, the samples were cooled down rapidly (1 min) to 1220 K and annealed for 180 min to enhance the crystallinity. Then, the samples were cooled down to r. t. After the decompression of the assemblies, the recovered octahedral pressure media were broken apart and the samples carefully separated from the surrounding boron nitride crucibles.
X-Ray diffraction
The polycrystalline samples were all characterized through Guinier powder patterns (imaging plate technique, Fujifilm BAS-1800) using CuK α1 radiation and α-quartz (a = 491.30 and c = 540.46 pm) as an internal standard. The lattice parameters (Table 1) were obtained from leastsquares fits of the powder data. The correct indexing of the patterns was ensured through intensity calculations [7] taking the atomic positions from the structure refinements (this work and [3] ). The powder and single crystal lattice parameters matched well.
Single crystal intensity data were measured at r. t. by use of a four-circle diffractometer (CAD4) with graphite monochromatized AgK α radiation (56.086 pm) and a scintillation counter with pulse-height discrimination. The scans were taken in the ω/2θ mode and empirical absorption corrections were applied on the basis of ψ-scan data, accompanied by spherical absorption corrections. All relevant details concerning the data collections are listed in Table 1 .
Structure refinements
Small, irregularly shaped single crystals of DyAgSn, HoAgSn, and HT-LuAgSn were selected from the crushed quenched samples and examined by use of a Buerger camera equipped with an image plate system (Fujifilm BAS-1800) in order to establish suitability for intensity data collection. The isotypy with HT-TmAgSn [3] (hexagonal NdPtSb-type [8] , space group P6 3 mc) was already evident from the powder pattern.
The atomic parameters of HT-TmAgSn [3] were taken as starting values and the structures were refined with full-matrix least-squares methods on F 2 using SHELXL-97 [9] . Anisotropic atomic displacement parameters were refined for all atoms. As a check for the correct silver-tin site assignment, the occupancy parameters were refined in separate series of least-squares cycles. All sites were fully occupied within 2 -3 standard deviations (100.0(6) % Ag and 101.0(7) % Sn for DyAgSn, 97.8(10) % Ag and 100.5(8) % Sn for HoAgSn, 101.3(18) % Ag and 98.8(14) % Sn for HT-LuAgSn), and in the final cycles the ideal occupancy parameters were assumed again. Refinement of the correct absolute structure was ensured through calculation of the Flack parameters [10, 11] . All crystals showed twinning by inversion. The final difference Fourier syntheses were flat ( Table 1 ). The positional parameters and interatomic distances of the refinements are listed in Tables 2 and 3 .
Further details of the crystal structure investigation may be obtained from Fachinformationszentrum Karlsruhe, 76344 Eggenstein-Leopoldshafen, Germany (fax: +49-7247-808-666; e-mail: crysdata@fiz-karlsruhe.de, http://www.fizinformationsdienste.de/en/DB/icsd/depot anforderung.html) on quoting the deposition number No's. CSD-418582 (DyAgSn), CSD-418581 (HoAgSn), and CSD-418580 (HT-LuAgSn).
EDX analyses
The three single crystals investigated on the diffractometer were studied by energy dispersive analyses of X-rays (EDX) using a Leica 420i scanning electron microscope with the rare earth trifluorides, silver, and tin as standards. The experimentally observed compositions were all close to the ideal ones, and no impurity elements were observed.
Magnetic susceptibility and 119 Sn Mössbauer spectroscopy
The HT-TmAgSn and HT-LuAgSn samples were packed in kapton foil and attached to the sample holder rod of a VSM for measuring the magnetic properties in a Quantum Design Physical-Property-Measurement-System in the temperature range 3 -305 K with magnetic flux densities up to 80 kOe.
A Ca 119m SnO 3 source was available for the 119 Sn Mössbauer spectroscopic investigations. The samples were placed within thin-walled PVC containers at a thickness of about 10 mg Sn/cm 2 . A palladium foil of 0.05 mm thickness was used to reduce the tin K X-rays concurrently emitted by this source. The measurements were conducted in the usual transmission geometry at r. t.
Discussion
Crystal chemistry
A new high-temperature modification of LuAgSn has been obtained by quenching the sample from the melt. HT-LuAgSn crystallizes with the NdPtSbtype structure with two formula units per cell. As expected, the cell volume per formula unit of 67.3Å 3 is slightly higher for HT-LuAgSn as compared to the low-temperature modification (66.9Å 3 ) [1] . The structures of DyAgSn and HoAgSn have also been refined from single crystal diffractometer data. Neutron powder diffraction data of both stannides were published by Baran et al. [12] . The resolution of the reported patterns was poor, and the silver and tin sites were mixed up, leading to a wrong assignment of the coordination of the rare earth atoms. Herein, we report precise single crystal data, which undoubtedly revealed the correct silver and tin sites with much higher precision than the neutron data. The refined occupancy parameters (vide supra) gave no hint for silver-tin mixing.
As an example, we briefly discuss the HT-LuAgSn structure. Each silver atom has four tin neighbors in an elongated tetrahedral coordination (3 × 276 and 1 × 294 pm Ag-Sn). The shorter Ag-Sn distances compare well with the sum of the covalent radii of 274 pm [13] . Within the ab plane (Fig. 1) the Ag-Sn distances are short, but longer between these layers. The AgSn 4/4 tetrahedra are condensed via all corners leading to a three-dimensional wurtzite-related network in which the lutetium atoms fill cages. The bonding of the lutetium atoms to the [AgSn] network proceeds via shorter Lu-Ag distances of 299 pm, only slightly longer than the sum of the covalent radii of 290 pm [13] . In the wrong structural model, proposed by Baran et al. [12] , the lutetium atoms would have nearest tin neighbors. The structural model of the REAgSn stannides reported herein is in perfect agreement with the recently reported stannides REAuSn (RE = Sm, Gd, Tm) [14] , where the gold and tin atoms have significantly different scattering power.
The NdPtSb-type REAgSn stannides are superstructures of the AlB 2 -type. For further details on the crystal chemistry and chemical bonding in this family of compounds we refer to recent review articles [15 -17] .
Magnetism and 119 Sn Mössbauer spectroscopy
The temperature dependence of the magnetic susceptibility of HT-TmAgSn and HT-LuAgSn is presented in Fig. 2 . HT-LuAgSn with diamagnetic lutetium(III) is Pauli paramagnetic with an almost temperature independent negative susceptibility of −9.8(2) × 10 −5 emu/mol at r. t. The strong intrinsic diamagnetic contribution overcompensates the weak Pauli contribution, leading to negative susceptibility values. The small increase at low temperature is due to trace amounts of paramagnetic impurities.
HT-TmAgSn shows Curie-Weiss behavior. Evaluation of the temperature range 100 -300 K gave an experimental magnetic moment of 7.53(1) µ B /Tm atom and a Weiss constant θ P = −15.0(5) K, indicating antiferromagnetic interactions. The experimental moment is close to the free ion value of 7.56 µ B for Tm 3+ . No hint for magnetic ordering was evident down to the lowest available temperature of 3 K, similar to LT-TmAgSn [1] . The magnetization as a function of This reflects the course of the electronegativities in the REAgSn series. The less electronegative lutetium atoms (when compared with thulium) transfer less electron density to the [AgSn] network, and consequently we observe a smaller electron density at the tin nuclei. Similar behavior has been observed in the RECuSn [18, 19] and REAuSn [20] series.
High-pressure high-temperature experiments on DyAgSn, HoAgSn, and YbAgSn
In continuation of the high-pressure high-temperature experiments on ErAgSn [3] , we have tested the HP-HT behavior of the neighboring stannides DyAgSn, HoAgSn, and YbAgSn. The ytterbium compound was treated under 10.5 GPa at 1370 K. The X-ray powder pattern gave no hint for a structural transition. The decompressed sample corresponds to the initial one. The refined lattice parameters (a = 479.3(2), c = 1089.3(4) pm) compared well to the original ones for YbAgPb-type YbAgSn [5] .
In contrast to these results, we observed decomposition of the DyAgSn and HoAgSn samples under high-pressure (12.2 GPa for DyAgSn and 10.5 GPa for HoAgSn) high-temperature (1470 K for DyAgSn and 1420 K for HoAgSn) conditions. The HP-HT treated DyAgSn contained residual DyAgSn with NdPtSb structure (a = 466.3, c = 736.6 pm), Cu 3 Au-type Dy(Ag/Sn) 3 (a = 453.8 pm) as the main phase, and a trace of orthorhombic Dy 3 Ag 4 Sn 4 [21] . The lattice parameter for the cubic phase is close to that of the recently reported phase Dy(Ag 1/3 Sn 2/3 ) 3 (a = 453.1 pm) [21] , and we can assume a similar composition for our multiphase sample.
The main phase of the HoAgSn sample was unreacted equiatomic HoAgSn (a = 467.5(2), c = 732.4(2) pm) besides Ho(Ag 1/3 Sn 2/3 ) 3 (a = 449.3 pm) and a trace amount of Ho 3 Ag 4 Sn 4 . Since the reflec-tions for both RE 3 Ag 4 Sn 4 phases were very weak, reliable refinement of the lattice parameters was not possible.
Summing up, ytterbium remains in a stable divalent state in YbAgSn also under the applied HP-HT conditions and does not transform to a ZrNiAl-type phase. In DyAgSn and HoAgSn, the rare earth atoms most likely are too large to allow any dimorphism as observed for ErAgSn [3] .
